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Notice

The information in this document has been funded wholly or in part by the U.S. Environmental Protection
Agency (EPA) under Contract No. 68-C0O-0047 to PRC Environmental Management, Inc. This work
supports the Superfundriovative Technology Evaluation Program administered by the National Risk
Management Research Laboratory, Cincinnati, Ohio. This demonstration was conducted under the
Monitoring and Measurement Technologies Program which is managed by the National Exposure Research
Laboratory—Environmental Sciences Division, Las Vegas, Nevada. It has been subjected to the Agency’'s
peer and administrative review, and has been approved for publication as an EPA document. Mention of
corporation names, trade names, or commercial products does not constitute endorsement or
recommendation for use of specific products.
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ENVIRONMENTAL TECHNOLOGY VERIFICATION PROGRAM
VERIFICATION STATEMENT

TECHNOLOGY TYPE: FIELD PORTABLE X-RAY FLUORESCENCE ANALYZER
APPLICATION: MEASUREMENT OF METALS IN SOIL
TECHNOLOGY NAME: X-MET 920-MP

COMPANY: METOREX INC.

ADDRESS: PRINCETON CROSSROADS CORPORATE CENTER
P.O. BOX 3540
PRINCETON, NJ 08543-3540

(609) 406-9000

The U.S. Environmental Protection Agency (EPA) has created a program to facilitate the deployment of infjovativ
technologies through performance verification and information dissemination. The goal of the Envirorfnental
Technology Verification (ETV) Program is to further environmental protection by substantially acceleratjhg the
acceptance and use of improved and more cost-effective technologies. The ETV Program is intended to jpssist ¢
inform those involved in the design, distribution, permitting, and purchase of environmental technologigg. This
document summarizes the results of a demonstration of the Metorex X-MET 920-MP.

PROGRAM OPERATION

The EPA, in partnership with recognized testing organizations, objectively and systematically evalugfes the
performance of innovative tbnologies. Together, with the full participation of thehtemlogy developer, the
develop plans, conduct tests, collect and analyze data, and report findings. The evaluations are conductedfaccord
to a rigorous demonstration plan and established protocols for quality assurance. The EPA’s National Hjxposul
Research Laboratory, which conducts demonstrations of field characterization and monitdmirdotges, ’
selected PRC Environmental Management, Inc., as the testing organization for the performance verificatio
portable X-ray fluorescence (FPXRF) analyzers.

DEMONSTRATION DESCRIPTION

of fiel

In April 1995, the performance of seven FPXRF analyzers was determined under field conditions. Each fnalyze
was independently evaluated by comparing field analysis results to those obtained using approved feren<
methods. Standard reference materials (SRM) and performance evaluation (PE) samples also werfl used
independently assess the accuracy and comparability of each instrument.

The demonstration was designed to detect and measure a series of inorganic analytes in soil. The prinfpry tar
analytes were arsenic, barium, chromium, copper, lead, and zinc; nickel, iron, cadmium, and antimy wer
secondary analytes. The demonstration sites were located in lowa (the RV Hopkins site) and Washingjton (th
ASARCO site). These sites were chosen because they exhibit a wide range of concentrations for most offjhe tare
metals and are located in different climatological regions of the United States; combined, they exhibit thredjdistinc
soil types: sand, clay, and loam. The conditions at these sites are representative of those environments u I er wh
the technology would be expected to operate. Details of the demonstration, including a data sumngfary an

EPA-VS-SCM-08 The accompanying notice is an integral part of this verification statement March 1998
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discussion of results, may be found in the report entitled “Environmental Technology Verification Reporj| Field
Portable X-ray Fluorescence Analyzer, Metorex X-MET 920-MP.” The EPA document number for this rgport is
EPA/600/R-97/151.

The EPA SW-846 Method 6200 was tested and validated using the data derived from this demonstratifjn. Thi
method may be used to support the general application of FPXRF for environmental analysis.

TECHNOLOGY DESCRIPTION

This analyzer operates on the principle of energy dispersive X-ray fluorescence spectroscopy w fre th
characteristic energy components of the excited X-ray spectrum are analyzed directly by an energy profjortion:
response in an X-ray detector. Energy dispersion affords a highly efficient, full-spectrum measuremenf whict
enables the use of low intensity excitation sources (such as radioisotopes) and compact battery-powegkd, fiel
portable electronics. The FPXRF instruments are designed to provide rapid analysis of metals in sd§. Thi:
information allows investigation and remediation decisions to be made on-site and reduces the number ofjsampl
that need to be submitted for laboratory analysis. In the operation of these instruments, the user must be ware t
FPXRF analyzers do not respond well to chromium and that field detection limits may be 5 to 10 times greffter tha
conventional laboratory methods. As with all field collection programs, a portion of the samples shouldjpe sen

to a laboratory for confirmatory analyses.

designed fomn situanalysis, but can be adapted for measurement of samples in cups. The single excitatiofj sourc
limits the number of metals that can be quantified. The X-MET 920-MP is operated and calibrated using]ghe “X-
MET” software to analyze samples with an empirical calibration. Training and field experience is nece$
successfully derive empirical calibration curves and to operate the “X-MET” software. The X-MET 9-MP
reported the analytes arsenic, barium, copper, chromium, lead, nickel, and zinc for this demonstration usi Jo sour
count times between 30 and 180 seconds. At the time of the demonstration, the cost of the X-MET 92041P wit|
the SAPS probe and cadmium-109 source (including the laptop computer) was $36,325, or it could be Ised f
$3,633 per month.

VERIFICATION OF PERFORMANCE
The performance characteristics of the X-MET 920-MP include the following:

» Detection limits: Precision-based detection limits were determined by collecting 10 replicate measur ments

on site-specific soil samples with metals concentrations 2 to 5 times the expected MDLs. The results | ere le
than or equal to 50 milligrams per kilogram (mg/kg) for all analytes except barium (330 mg/kg) and ch mium
(115 mg/kg). Barium is normally analyzed using an americium-241 source; therefore, its detection li | it was
expected to be high. A value for nickel could not be determined because the soil concentration of thif§ analy
was too low. ‘

Throughput: Average throughput was found to be between 8 and 14 analyses per hour, depending ¢n cour
times. This rate only represents the analysis time since different personnel were used to prepare thgjsampl

Drift: Based on an evaluation of results from periodic analysis of a site-specific control sample, witl] a few
exceptions, drift was -15 to +15 percent. Lead and arsenic displayed the least drift at both sites.

Completeness: The X-MET 920-MP produced results for 1,168 of the 1,260 samples for a completerjess of
92.7 percent. This was less than the demonstration objective of 95 percent. Operator error and mput«
software and hardware problems reduced completeness. None of the data loss was caused by med¢hanica

electronic malfunctions of the analyzer.

EPA-VS-SCM-08 The accompanying notice is an integral part of this verification statement March 1998
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Blank results: The X-MET 920-MP reported values for arsenic and copper above the precision-based | ethoc
detection limits at the ASARCO site and values for chromium, lead, and zinc above the MDL at the RV Hppkins
site. Analyzer blanks were composed of a pure lithium carbonate that was processed using thdl samp
preparation steps.

Precision: The goal of the demonstration was to achieve relative standard deviations (RSD) less fhan 2(
percent at analyte concentrations of 5 to 10 times the method detection limit. The RSD values for the feporte
analytes were less than 8 percent. Chromium and nickel were not determined due to a lack of sufficjpnt dat
in the specified concentration range.

Accuracy: Intramethod accuracy was assessed using site-specific soil PE samples. The results sh@wed th
7 of 32 (21.9 percent) of the PE sample analytes had recoveries within a quantitative acceptance raiige of t
80 - 120 percent.

Comparability: This demonstration showed that the X-MET 920-MP produced data that exhibitgd@dgg

linear correlation to the reference data. The coefficient of determinaiovhich is a measure of the degrfle

of correlation between the reference and field data was 0.95 for arsenic, 0.88 for lead, 0.69 for copper}]0.68 ft
chromium, and 0.55 for zinc. Using data from the RV Hopkins clay soil produced values of 0.62 for barifym and
0.32 for nickel.

Data quality levels: Using the demonstration derived precision RSD results and the coefficigpt of
determination as the primary qualifiers, the X-MET 920-MP produced definitive level data for arsenic of d lead
and data of qualitative screening level for copper, barium, and zinc. No recommendation regardingtglagg qua
for chromium or nickel could be made due to a lack of precision or comparability data.

The results of the demonstration show that the Metorex X-MET 920-MP can provide useful, cost-effect e date
for environmental problem-solving and decision-making. Undoubtedly, it will be employed in a variffty of

applications, ranging from serving as a complement to data generated in a fixed analytical laboratory to =! eratir
data that will stand alone in the decision-making process. As with any technology selection, the uggr mus

determine what is appropriate for the application and the project data quality objectives.

Gary J. Foley, Ph.D.

Director

National Exposure Research Laboratory
Office of Research and Development

NOTICE: EPA verifications are based on an evaluation of technology performance under specific, predetermined criteria angjthe

appropriate quality assurance procedures. EPA makes no expressed or implied warranties as to the performance of the techfjology
and does not certify that a technology will always, under circumstances other than those tested, operate at the levelfeerified
end user is solely responsible for complying with any and all applicable Federal, State, and Local requirements.

EPA-VS-SCM-08 The accompanying notice is an integral part of this verification statement March 1998
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Foreword

The U.S. Environmental Protection Agency (EPA) is charged by Congress with protecting the Nation's

land, air, and water resources. Under a mandate of national environmental laws, the Agency strives to
formulate and implement actions leading to a compatible balance between human activities and the ability
of natural systems to support and nurture life. To meet this mandate, the EPA’s Office of Research and
Development (ORD) provides data and science support that can be used to solve environmental problems
and to build the scientific knowledge base needed to manage our ecological resources wisely, to understand
how pollutants affect our health, and to prevent or reduce environmental risks.

The National Exposure Research Laboratory (NERL) is the Agency’s center for the investigation of
technical and management approaches for identifying and quantifying risks to human health and the
environment. Goals of the Laboratory’s research program are to develop and evaluate technologies for the
characterization and monitoring of air, soil, and water; support regulatory and policy decisions; and

provide the science support needed to ensure effective implementation of environmental regulations and
strategies.

The EPA’s Superfund Innovative Technology Evaluation (SITE) Program evaluates technologies for the
characterization and remediation of contaminated Superfund and Resource Conservation and Recovery Act
(RCRA) corrective action sites. The SITE Program was created to provide reliable cost and performance
data to speed the acceptance of innovative characterization and monitoring technologies.

Effective measurement and monitoring technologies are needed to assess the degree of contamination at a
site, to provide data which can be used to determine the risk to public health or the environment, to supply
the necessary cost and performance data to select the most appropriate technology, and to monitor the
success or failure of a remediation process. One component of the SITE Program, the Monitoring and
Measurement Technologies Program, demonstrates and evaluates innovative technologies to meet these
needs.

Candidate technologies can originate from within the federal government or from the private sector.

Through the SITE Program, developers are given the opportunity to conduct a rigorous demonstration of
their technology’s performance under realistic field conditions. By completing the evaluation and

distributing the results, the Agency establishes a baseline for acceptance and use of these technologies. The
Monitoring and Measurement Technologies Program is managed by ORD’s Environmental Sciences

Division in Las Vegas, Nevada.

Gary J. Foley, Ph.D.

Director

National Exposure Research Laboratory
Office of Research and Development
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Abstract

In April 1995, the U.S. Environmental Protection Agency (ER#jdticted a demonstration of field

portable X-ray fluorescence (FPXRF) analyzers. The primary objectives of this demonstration were (1) to
determine how well FPXRF analyzers perform in comparison to standard reference methods, (2) to identify
the effects of sample matrix variations on the performance of FPXRF, (3) to determine the logistical and
economic resources needed to operate these analyzers, and (4) to test and valide@d@dr&t/method

for FPXRF analysis. The demonstration design was subjected to extensive review and comment by the
EPA’s National Exposure Research Laboratory, EPA Regional and Headquarters Superfund technical
staff, the EPA’s Office of Solid Waste—Methods Section, and the technology developers.

Two sites were used for this demonstration: the RV Hopkins site and the ASARCO Tacoma Smelter site
(ASARCO). RV Hopkins is an active steel drum recycling facility and a former battery recycling
operation. It is located in Davenport, lowa. The ASARCO site is a former copper and lead smelter and is
located in Tacoma, Washington. The test samples analyzed during this demonstration were evenly
distributed between three distinct soil textures: sand, loam, and clay. The reference methods used to
evaluate the comparability of data were EPA 8¥%-Methods3050A and 6010A, “Acid Digestion of
Sediments, Sludges, and Soils” and “Inductively Coupled Plasma-Atomic Emission Spectroscopy,”
respectively.

The FPXRF analyzers tested in this demonstration were designed to provide rapid, real-time analysis of
metals concentrations in soil samples. This information will allow investigation and remediation decisions
to be made on-site more efficiently and can reduce the number of samples that need to be submitted for
confirmatory analysis. Of the seven commercially available analyzers tested, one is manufactured by Niton
Corporation (the XL Spectrum Analyzer); two are manufactured by TN Spectrace (the TN 9000 and TN
Pb Analyzer); two are manufactured by Metorex Inc. (the X-MET 920-P Analyzer and the X-MET 920-
MP Analyzer); one is manufactured by HNU Systems, Inc. (the SEFA-P Analyzer); and one is
manufactured by Scitec Corporation (the MAP Spectrum Analyzer). The X-MET 940, a prototype
FPXRF analyzer developed by Metorex, was given special consideration and replaced the X-MET 920-P
for a portion of the demonstration. This environmental technology verification report (ETVR) presents
information relative to the Metorex X-MET 920-MP. Separate ETVRs have been published for the other
analyzers demonstrated.

Approximately three days of operational downtime was experienced by the analyzer due to computer
software and hardware problems. Most of these problems were due to operator error or inexperience.
None of the downtime or data loss was associated with mechanical or electronic malfunctions of the
analyzer. Quantitative data was provided by the analyzer on a real-time basis. The X-MET 920-MP
Analyzer reported arsenic, chromium, copper, lead, zinc, nickel, and barium. This analyzer used count
times ranging from 30 live-seconds forsitu-unprepared samples at the ASARCO site to 180 liversisc

for intrusive-prepared samples at the RV Hopkins site. These count times resulted in a sample throughput
averaging between 8 and 14 samples per hour. The X-MET 920-MP Analyzer provided definitive data

Vii
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(equivalent to reference data) for arsenic and lead; and qualitative screening level data (identifies the
presence or absence of a contaminant) for copper, barium, and zinc. Insufficient precision data precluded
an assignment of data quality levels for nickel or chromium.

This study showed that the analyzer produced data that exhibiteg-Bdgglinear correlation to the

reference data. The analyzer generally exhibited a precision similar to the reference methods. The analyzer
exhibited precision of less than 10 percent relative standard deviation at 5 to 10 times the method detection
limit (MDL) for all of the reported analytes except chromium and nickel. The precision evaluation was
confounded by changing count times. The precision study indicated that count times probably had no effect
on the precision for all target analytes except copper and lead. For copper and lead, the increasing count
times caused a 2- to a 10-fold increase in precision. The analyzer’s quantitative results were based on an
empirical calibration using site-specific calibration samples.

This demonstration found that the X-MET 920-MP Analyzer was generally simple to operate in the field;
however, its physical configuration made it more practical for use as a benchtop unit. The auxiliary
computer and cumbersome power requirements of commercial laptop computers limited its utility as an
situinstrument. The operator required no specialized experience or training for normal operation of the
analyzer. However, ownership and operation of this analyzer may require specific licensing by a state
nuclear regulatory agency. There are specific radiation safety training requirements and costs associated
with this type of license.

The Metorex X-MET 920-MP Analyzer can provide rapid, real-time analysis of the metals content of soil
samples at hazardous waste sites. The analyzer can quickly identify contaminated areas from
noncontaminated areas allowing investigation and remediation decisions to be made more efficiently on
site and reduce the number of samples that need to be submitted for confirmatory analysis.

viii
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Section 1
Executive Summary

In April 1995, the U.S. Environmental Protection Agency (EPA) sponsored a demonstration of field
portable X-ray fluorescence (FPXRF) analyzers. The primary objectives of this demonstration were to
evaluate FPXRF analyzersfor: (1) their analytical performance relative to standard anaytical methods,
(2) the influence of sample matrix variations (texture, moisture, heterogeneity, and chemical composition)
on performance, (3) the logistical and economical resources needed to operate these technologiesin the
field, and (4) to test and validate an SW-846 draft method for FPXRF analysis. Secondary objectives for
this demonstration were to evaluate FPXRF analyzers for their reliability, ruggedness, cost, range of
usefulness, data quality, and ease of operation.

This demonstration was intended to provide users with a reference measure of performance and to act
as aguide for the application of thistechnology. In this demonstration, the reference methods for
evaluating the comparability of data were SW-846 Methods 3050A and 6010A, “Acid Digestion of
Sediments, Sludges, and Soils” and “Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICP-
AES),” respectively.

The EPA requested that PRC Environmental Management, Inc. (PRC) assist in the planning,
execution, and reporting of a demonstration of FPXRF analyzers. This demonstration was conducted
under the EPA’s Superfund Innovative Technology Evaluation (SITE) Program and managed by the
National Exposure Research Laboratory-Environmental Sciences Division (NERL-ESD) under the
Monitoring and Measurement Technologies Program (MMTP), Las Vegas, Nevada.

The FPXRF analyzerstested in this demonstration were designed to provide rapid, real-time analysis of
metals concentrations in soil samples. This information will alow investigation and remediation decisions
to be made on-site more efficiently, and it should reduce the number of samples that need to be submitted
for confirmatory analysis. Of the seven commercialy available analyzers evaluated, one is manufactured
by Niton Corporation (the Niton XL Spectrum Analyzer); two are manufactured by Metorex Inc. (the X-
MET 920-P Analyzer and the X-MET 920-MP Analyzer); two are manufactured by TN Spectrace (the TN
9000 and the TN Pb Analyzer); one is manufactured by HNU Systems, Inc. (the SEFA-P Analyzer); and
one is manufactured by Scitec Corporation (the MAP Spectrum Anayzer). The X-MET 940, a prototype
FPXRF analyzer developed by Metorex, was given specia consideration and replaced the X-MET 920-P
for part of the RV Hopkins sample analyses. This environmental technology verification report (ETVR)
presents information relative to the Metorex X-MET 920-MP Analyzer. Separate ETVRswill be
published for the other analyzers that were demonstrated.

The target analytes for this demonstration were selected from the Resource Conservation and Recovery
Act’'s (RCRA) Toxicity Characteristic (TC) list, analytes known to have a high aguatic toxicity and
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analytes likely to produce interferences for the FPXRF analyzers. The primary anaytes for these
comparisons were arsenic, barium, chromium, copper, lead, and zinc; nickel, iron, cadmium, and antimony
were secondary analytes.

To demonstrate these analyzers, hazardous waste sites in lowa (the RV Hopkins site) and in the State
of Washington (the ASARCO site) were selected. These sites were selected because they exhibit awide
range of concentrations for most of the target analytes, are located in different climatological regions of the
United States, and combined they exhibit three distinct soil textures: sand, loam, and clay.

This demongtration found that the X-MET 920-MP Analyzer was generally simple to operate in the
field. However, unexpected computer software and hardware problems caused data loss and project
downtime. In addition, the physical configuration of the analyzer made its use in the in situ mode
cumbersome. Its physical configuration is more adapted to a benchtop application. The devel oper
provided atraining course for the operator that was similar to that provided to a purchaser of the
equipment. The training encompassed enough FPXRF theory and hands-on analyzer use to alow the
operator to calibrate the analyzer, manipulate the data collection software, and adjust instrument
parameters such as count times and target analytes. Metorex provided accessible and timely field support.
The analyzer was portable and capable of operating continuously over a 12-hour work day with
appropriate battery changes. The data collection and interpretation software is designed to operate with an
auxiliary computer system. A laptop computer was used. The field portability was reduced by the size and
power requirements of the laptop computer. The computer could only operate 1.5 to 2 hours on a battery.
The environmental conditions encountered at the ASARCO site caused no operational downtime for the
anayzer.

The analyzer used one radioactive source coupled with a gas proportional detector. The type and
strength of the analyzer’s source alow it to produce reliable data at count times as short as 30 live-seconds.
The count times used in this demonstration resulted in a sample throughput averaging 8 - 14 samples per
hour.

The X-MET 920-MP Analyzer produced data meeting definitive level criteria (equivalent to reference
data) for arsenic and lead; and produced qualitative screening level data (identifies the presence or absence
of a contaminant) for barium, zinc, and copper. Data quality levelsfor nickel and chromium were not
assigned due to lack of sufficient data.

The analyzer exhibited a similar precision relative to the reference methods. The chromium and nickel
data generally showed the poorest precision of the reported analytes. No values were reported for these
analytes at the 5 to 10 times MDL range. Field-based method detection limits (MDL) for this analyzer
were higher than precision-based or developer-provided MDLs. However, this relationship was
confounded by increased count times with increasing sample preparations. Site and soil texture did not
appear to affect data comparability. The probe’s high counting efficiency and the empirical calibration
seemed to minimize any impact of inter-element interferences.

Based on the performance of the analyzer, this demonstration found it to be a useful tool for
characterizing the concentration of select metals in environmental soil samples. Aswith al FPXRF
analyzers, unless a user has regulatory approval, confirmatory (reference) sampling and data correction is
recommended when using this technology for site characterization or remediation monitoring.
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Section 2
Introduction

This environmenta technology verification report (ETVR) presents information from the demonstration
of the X-MET 920-MP Anayzer. This analyzer was developed by Metorex, Inc. to perform elemental
analyses (metals quantitation) in the field. This analyzer uses a gas-filled proportional detector and
cadmium-109 (Cd'®) source to quantitate metals concentrations. The analyzer can be operated in either an
in situ or intrusive mode. Thein situ mode, commonly called a “point-and-shoot” mode, requires that the
point of measurement on the soil surfaceis cleared of loose debris and organic matter, the analyzer’s probe
is placed in direct contact with the soil surface, and a measurement is taken. In the intrusive mode of
operation, a soil sampleis physically collected, dried or sieved, and then placed in a sample cup. The
sample cup is placed into an analysis chamber on the probe and a measurement is taken.

This section summarizes genera information about the demonstration such as the purpose, objectives,
and design. Section 3 presents and discusses the quality of the data produced by the reference methods
against which the analyzer was evaluated. Section 4 discusses the X-MET 920-MP Analyzer, capabilities,
equipment, accessories, accuracy, precision, comparability to reference methods, and other evaluation
factors. Section 5 discusses potential applications of the analyzer, presents a method for data correction,
and suggests a framework for a standard operating procedure (SOP). Section 6 lists the references cited in
thisETVR.

Demonstration Background, Purpose, and Objectives

The demonstration was conducted under the Monitoring and Measurement Technologies Program
(MMTP), acomponent of the SITE Program. MM TP is managed by NERL-ESD, Las Vegas, Nevada.
The goal of the MMTP isto identify and demonstrate new, innovative, and commercialy available
technologies that can sample, identify, quantify, or monitor changes in contaminants at hazardous waste
sites. Thisincludes those technologies that can be used to determine the physical characteristics of asite
more economically, efficiently, and safely than conventional technologies. The SITE Program is
administered by the National Risk Management Research Laboratory, Cincinnati, Ohio.

The purpose of this demonstration was to provide the information needed to fairly and thoroughly
evaluate how well FPXRF analyzers identify and quantify concentrations of metalsin soils. The primary
objectives were to evaluate FPXRF analyzersin the following areas: (1) their accuracy and precision
relative to conventiona anaytical methods; (2) the influence of sample matrix variations (texture, moisture,
heterogeneity, and chemical composition) on performances; (3) the logistical and economic resources
needed to operate these analyzers; and (4) to test and validate an SW-846 draft method for FPXRF
anaysis.
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Secondary objectives for this demonstration were to evaluate FPXRF analyzers for their reliability,
ruggedness, cost, range of usefulness, data quality, and ease of operation. The performances of the FPXRF
analyzers were not compared against each other. Instead, the performance of each analyzer was
independently and individually compared to that of standard conventional analytical methods commonly
used in regulatory enforcement or compliance activities. In addition, the analyzer’s performances were
assessed relative to measurements of standard reference materials (SRM), performance evaluation (PE)
samples, and other quality control (QC) samples.

A specia request was made by Mr. Oliver Fordham, the project’ s technical advisor, EPA Office of
Solid Waste (OSW), for Midwest Research Institute (MRI) to analyze some of the soil samples to validate
the performance of draft Method 3052 “Microwave Assisted Acid Digestion of Ash and Other Siliceous
Wastes.” Thirty percent of the soil samples were extracted using draft Method 3052 and then analyzed by
Method 6010A. The data generated from the draft Method 3052 and Method 6010A analysis were not
used for comparative purposes to the FPXRF data in this demonstration.

Reference Methods

To assess the performance of each analyzer, FPXRF data was compared to reference data. The
reference methods used for this assessment were EPA SW-846 Methods 3050A/6010A, which are
considered the standards for metals analysis in soil for environmental applications. For purposes of this
discussion, the term “reference” was substituted for “confirmatory” since the data was used as a baseline
for comparison. In accordance with Federal Acquisition Regulations, MRI was awarded a subcontract to
analyze soil samples using the reference methods. The award was made based on MRI’ s costs, ability to
meet the demonstration’ s quality assurance project plan (QAPP), requirements, and as the only commercia
laboratory identified that could perform all the analysesin the required timeframe.

Method 3050A is the standard acid extraction procedure for determining metals concentrations in soil
samples. Itisnot atotal digestion method, and it potentially does not extract all the metalsin a soil sample.
Method 6010A is the standard method used to analyze Method 3050A extracts. Both of these methods are
described in Section 3.

High quality, well documented reference laboratory results were essential for meeting the objectives of
the demonstration. For an accurate assessment, the reference methods have to provide a known level of
data quality. For al measurement and monitoring activities conducted by the EPA, the Agency requires
that data quality parameters be established based on the end use of the data. Data quality parameters
usually include five indicators of data quality often known as the PARCC parameters. precision, accuracy,
representativeness, completeness, and comparability. In addition, method detection limits (MDLS) are also
used to assess data quality.

Reference methods were evaluated using the PARCC parameters to establish the quality of data
generated and to ensure that the comparison of FPXRF analyzers to reference methods was acceptable.
The following narrative provides definitions of each of the PARCC parameters.

Precision refersto the degree of mutual agreement between replicate measurements and provides an
estimate of random error. Precision is often expressed in terms of relative standard deviation (RSD)
between replicate samples. The term relative percent difference (RPD) is used to provide an estimate of
random error between duplicate samples.
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Accuracy refersto the difference between a sample result and the reference or true value. Bias, a
measure of the departure from perfect accuracy, can be calculated from the reference or true value.
Accuracy and bias for the reference laboratory were assessed by evaluating calibration standard linearity,
method blank results and the percent recoveries of matrix spike samples, laboratory control samples (LCS),
standard reference materials (SRMs), and PE samples.

Representativeness refers to the degree to which data accurately and precisely measures the conditions
and characteristics of the parameter of interest. Representativeness for the reference laboratory was
ensured by executing consistent sample collection procedures including sample locations, sampling
procedures, storage, packaging, shipping, equipment decontamination, and proper laboratory sample
handling procedures. Representativeness was ensured by using the appropriate reference method to provide
results that reflect the most accurate and precise measurement it was capable of achieving. The
combination of existing method requirements supplemented by the demonstration QA PP provided the
guidance to assure optimum performance of the method. Representativeness was assessed by evaluating
calibration standards, method blank samples, duplicate samples, and PE samples.

Completeness refers to the amount of data collected from a measurement process compared to the
amount that was expected to be obtained. For the reference data, completeness referred to the proportion of
valid, acceptable data generated.

Comparability refers to the confidence with which one data set can be compared to another. Data
generated from the reference methods should provide comparable data to any other laboratory performing
analysis of the same samples with the same anaytica methods. Compara